Nanoparticles exist for a long time as both inorganic and organic parts of nature. Recently, massive expansion of nanotechnologies is evidenced, together with intentional production of new nanoparticles which have not been in contact with living organisms until now. Besides obvious positive aspects, potential threats related to their exposure should be taken into consideration. Unique physical-chemical properties of nanoparticles cause a high bioactivity following their intake (through air, ingestion and skin) and unrestricted spread in exposed organs. Primary effects of nanoparticles on cellular level represent oxidative stress and reactions leading to apoptosis, autophagocytosis and necrosis. Number of studies indicating contribution of nanoparticles to numerous disorders has been recently increasing. However, detailed mechanisms of health effects are not well known. Similarly, there is insufficient information on life cycle of nanoparticles in the environment. Research in this field as well as legislation is behind rapid development and use of nanotechnologies. Considering absence of mandatory exposure limits and other protective measures, nanomaterials represent a potential threat for population health. Recommendations and guidelines of international institutions can contribute to deal with situation, however, passing of effective legislation both on national and European level is urgently needed.
INTRODUCTION
Nanoparticles, nanomaterials and nanotechnology represent concepts that are increasingly used by professionals and lay people. This stems from the massive expansion of their development and use in recent years, which opens new opportunities in many fields of human activities.
The European Commission defines nanomaterial as a natural, incidental or manufactured material containing particles, in an unbound state or as an aggregate or agglomerate and where, generally for 50% or more of the particles in the number size distribution, one or more external dimensions is in the size ranging from 1-100 nm. Fullerenes, graphene flakes and single wall carbon nanotubes with one or more external dimensions below 1 nm should be considered as nanomaterials (1) .
Why is this both new and former issue? Nanoparticles (NP) are present in the environment much longer than the last few decades -for example, as part of smoke accompanying volcanic activity or combustion of various materials. The NP concept includes also subcellular structures (nucleus of the cell, mitochondria, cell membranes), DNA macromolecules, viruses, etc. However, new profits but also risks are brought about by the targeted production of new NP that have not been met by living organisms. It may therefore happen that human defence mechanisms fail and would not be able to react appropriately to newly created particles and know how to prevent their potential negative effects. Each unknown and, in terms of biological effects, unexplored substance -as the toxicity of most engineered NP is unknown -may have a potentially harmful impact on individuals and population health. Despite the unquestionable positives, it is necessary to take into consideration the potential risks resulting from their long-term deleterious exposure.
CURRENT KNOWLEDGE

Characteristics of Nanoparticles
A comparison between the size of NP and other known objects is shown in Figure 1 (2) . As the dimensions of NP are close to the dimensions of basic material particles (atoms, molecules), quantum phenomena start to apply and NP acquire unique physical and chemical characteristics, which are not shown in the substance in the form of larger particles (3). In particular, quantum restriction on the movement of electrons in nanoparticles and a relatively large surface of the nanoparticles as a place of interaction of nanoparticles with the environment are considered to be the direct causes of changes in the properties (4). For instance, one microparticle having a diameter of 60 µm (human hair) corresponds to the weight of 1 billion nanoparticles of 60 nm in diameter, the surface of which is a thousand times greater than the considered nanoparticle. Changes in the physicochemical properties concern in particular the change of solubility in polar and non-polar solvents, changes in electrical potential and electrical conductivity, changes in colour and fluorescence, changes in refractive index and absorption of light. A significant change in chemical reactivity: increased reactivity is associated with an increase in the surface energy of several orders of magnitude while reducing the volume of particles into nanoscale (4, 5) .
The nanoparticles have spherical, tubular or irregular shape (6) . NP properties depend primarily on their size. A substance consisting of NP has different properties than the same substance composed of larger particles, for example microparticles having the size of microns. Particles and nanoparticles of the same substance can have completely different effects on the human body. Also nanoparticles of different sizes may have different effects and different reactivity rate (6) . A demonstrative example of that phenomenon is the pyrophoric behaviour of nanoiron that spontaneously ignites in contact with atmospheric oxygen (5).
Use of Nanoparticles
The production and use of intentionally prepared NP and nanomaterials (NMs) have increased rapidly over the last ten years: the total quantities delivered to the world markets are estimated at millions of tons per year with an annual increase in production of about 50%, which corresponds to about 10-fold increase in six years. The most represented materials in the current production are carbon black (for rubber products) and amorphous silica. The most progressive increases occur in the production of nanocrystalline oxides (SiO 2 , TiO 2 , ZnO, FeOx, AlOx, CeOx -oxides of silicon, titanium, zinc, iron, aluminium, cerium), fullerenes (e.g. C60), carbon nanotubes, nanosilver, nanoiron, and other (7, 8) .
Nanoparticles in Workplaces
The application of NMs and nanotechnology is expanding rapidly and currently includes: active fillers in rubber industry, plastic industry and manufacture of paints, additives for concrete, cosmetic products (toothpaste, hair products, sunscreen), drugs, UV-filter of glasses, and top information technology. They are used in textiles, electronics, optics, engineering, automotive, military, aerospace, chemical, consumer goods industry, food, pharmacy, medicine (therapy, diagnostics), and other sectors. Workers are professionally exposed to nanoparticles in the production of NP, in the manufacture of products from NP -especially synthetic, their processing, packaging, cleaning and maintenance. Workers involved in the development, research, production of NP and nanomaterials, and personnel involved in working activities such as cutting, grinding of products made of nanomaterials and in cleaning of manufacturing equipment are more exposed (higher concentration, longer exposure times) than the general population of consumers. Occupationally exposed to nanoparticles are also workers in construction work, decorators and painters, welders, workers in nanotechnology, professional drivers exposed to exhaust gas in maintenance and repair of cars, workers exposed to raw NMs and waste in working process, hairdressers, researchers, healthcare personnel in therapy and diagnostics etc. (3).
Nanoparticles in the Environment
The development of NMs applications brings the need for careful mapping of the risks associated with their production and the entire life cycle in the environment. NP are present in the atmosphere mainly in the form of condensation particles such as fine crystals of ice, smoke particles caused by fires, particles in explosion or smouldering volcanoes, incineration -especially of fossil fuels (fuel for automobiles, coal) in industrial activities (smog), when smoking (particulate matter from cigarette smoke breathed by smokers and passive smokers), etc.
The existing risks are clearly demonstrated by the environmental contamination by nanoparticles that have been undesirable since their origination -combustion derived nanoparticles (CDNP). Their biggest sources include combustion engines of vehicles. Exhaust gases are currently the largest contribution to urban air pollution by solid aerosols -particulate matter (PM), in which CDNP is the most significant toxic component (9) . In the cities -especially in intersections there is a high concentration of NP from diesel engines or cars that have defective or cold catalytic converters. Sometimes a litre of air can contain millions NP.
The production of NP and NMs grows from year to year, which naturally leads to an increase in waste materials that plague the environment. Polluted environment can cause chronic exposures in humans via the food chain. Waste materials can also pollute the air. This situation triggers concerns about the potential risk of NP for ecosystem and consequently the health of exposed people. NP can get into the environment, for example, by destruction at the end of "life" of final products such as bumpers of passenger cars made of polymers with carbon nanotubes reinforcement, etc. (10).
Health Effects of Nanoparticles
NP adverse effects on human health depend on individual factors such as genetic predisposition, whether a disease is present, length and intensity of exposure. Further, risks depend on the properties of NP, i.e. the size (dimensions), the surface area and reactivity, dosage, chemical composition, shape, solubility, ability to form aggregates or agglomerates, surface finish and their structure (11) .
It is obvious from the existing research that exposure limits for NMs will be different from the limits of the substances in the
Fig. 1. Comparison of micro-objects with nano-objects. Edited according to Buzea et al. (2).
form of larger particles and the definition of limits will require more than one variable -concentration of the substance (8) .
It follows from the present knowledge of the relationship between NP and the human body (2, 3, 5, 8, 9, (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) that:
• NP can penetrate into the body in several ways: lungs (living and working environment), skin (cosmetics, clothing), and digestive tract (food and medicines) (12) . In the body they may penetrate through biological barriers into many organs and tissues, cells and cell structures, and produce undesirable toxic effects (8, 13) . They most often penetrate into the body through the respiratory tract as an aerosol (5) . To a large extent, they settle in alveolar sac where they can leak through alveolar macrophage and interact with lung epithelial cells.
• Nanoparticles can spread in the body via the circulatory system, the lymphatic system and also the nervous system through the olfactory nerves (2, 14) .
• Because of the large surface and the changed physical-chemical characteristics of the substances in the NP form, their bioactivity in the body is usually significantly increased compared to the substance in the form of larger particles. The primary effect is usually a pro-inflammatory activity as a result of the catalyzed formation of free radicals and other reactive compounds inducing oxidative stress (9) . This appears to be a potential marker for determining the toxicity of nanomaterials, or the risk of damaging DNA (15) . After NP enter the cellular structures (nucleus, phagosomes, lysosomes, mitochondria), reactions may be activated, e.g. DNA fragmentation, leading gradually to apoptosis, autophagocytosis or necrosis (16).
• The consequences of the action of NP are inflammation, destruction of lung tissue, asthma, bronchitis, emphysema, lung cancer or industrial lung diseases -silicosis, asbestosis (3). Also participation of NP in the pathogenesis of atherosclerosis, thrombus, arrhythmia (cardiovascular system), Parkinson and Alzheimer's disease (brain), Kaposi's sarcoma (lymphatic system) (3, 17) . Other organs affected may be the liver, spleen and kidneys (14) . NP received through the digestive system may interact in the pathogenesis of cancer of the colon and Crohn's disease (2, 18) . NP in contact with the skin can be received by the cells using the epidermal keratinocytes, which explains dermatological reactions in workers exposed to nanoparticles of beryllium and other substances (2, 14, 19) . Recent epidemiological studies have shown a strong correlation between the level of air pollution by particles and respiratory diseases, cardiovascular diseases, various cancers and mortality (2). The professional drivers have an increased incidence of myocardial infarction, which may be partly caused by the exposure to nanoparticles (6) .
CURRENT RESEARCH
Despite these facts on the effects of NP it can be concluded that detailed mechanisms of the action of NP on living organisms have not yet been well known, which is true also for the following data:
• properties of NP in general, as well as properties of NP in the food and biological matrix; • analytical methods for NP in general, as well as for NP in the food and biological matrix; • the routes of exposure to nanoparticles;
• toxicokinetics of nanoparticles; • potential toxicity of NP and NMs, i.e. the data essential for estimating the risks of the use of NMs (20). The research should focus on addressing issues such as the mechanism of penetration of NP into the cell, transport of NP to other tissues and organs, persistence of NP in tissues and organs, target molecules with which NP interact in the cell, kinetics and elimination of NP from the target tissue, defence response of the body to the NP exposure, the interaction of NP with different physical factors and chemicals in the environment and working environment etc. (21) . Furthermore, it should focus on defining the parameters for quantifying exposure to nanoparticles, methodologies for measuring the exposure and determination of exposure limits, and also on the development of effective methods to decrease exposure to NPs. Moreover, the research studying this issue from the perspective of population should be extended to estimation of population attributable risk and subsequent estimation of the impacts on different target populations, as well as the potential population benefit of preventive interventions.
RESEARCH IN SLOVAKIA
In Slovakia, the research focuses in particular on the issue of health hazards associated with nanoparticles and several institutions are involved in major international projects in this area. The Faculty of Public Health Studies of the Slovak Medical University in Bratislava is dedicated to the health and environmental impact of nanomaterials, and also to the development of methodology for alternative testing strategies for the assessment of the toxicological profile of nanoparticles used in medical diagnostics (3, 12, 13) . The Faculty of Chemical and Food Technology STU Bratislava -Department of Physical Chemistry and Chemical Physics (20) participates in the working group of the European Food Safety Authority (EFSA) for nanotechnologies focused on the risk assessment of the application of nanotechnologies in the food and feed chain. Furthermore, the Cancer Research Institute of the Slovak Academy of Sciences Bratislava (EU FP7 project "The risk assessment of engineered nanoparticles on human and ecosystem health: Understanding the problem") and the Chemical and Pharmaceutical Industry Association (CPIA SR), which is involved in the international project NANOFORCE aimed to link scientific advances in NMs with business in Central Europe. An important part of the project consists of nanosafety and activities in the relevant EU legislation (22, 23) . Within the project, CPIA periodically organizes conferences and other specialized actions aimed at responsible use of nanomaterials (24, 25) . One member of staff from the Centre for Chemical Substances and Preparations of the Ministry of Economy has participated in the creation of EU legislation in the field of chemicals including nanomaterials (26) , as a member of the Nanomaterial Working Group of European Chemical Agency (ECHA-NMWG) and Competent Authorities Sub-Group on Nanomaterials (CASG Nano-REACH). One employee of the Ministry of the Environment is dedicated to nanosafety as a member of the Working Party on Manufactured Nanomaterials of the Organisation for Economic Cooperation and Development (OECD).
In contrast to the neighbouring EU countries, e.g. the Czech Republic, where NP monitoring in the living and working envi-ronment has been carried out (27, 28) , analogous measurements are just being prepared in Slovakia: monitoring of NP in the environment prepared by the Slovak Hydrometeorology Institute (SHMI) Bratislava with the implementation expected during the second half of 2016 (according to unofficial information from SHMI, Monitoring of Emissions and Air Quality section). The Faculty of Public Health Studies of the Slovak Medical University in Bratislava has intended the monitoring and research of NP in the workplace: "Occupational exposure to nanoparticles from welding -welding fumes impact on the health of welders". The issues of NP in the living and working environment starts to be addressed also by the Department of Public Health of the Jessenius Faculty of Medicine in Martin and participation of other departments, which have not been specified yet, is anticipated.
In the Czech Republic, several departments in the European Technology Platform and others deal with the issue of nanotoxicity and nanosafety, for example the Occupational Safety Research Institute in Prague which published Nanosafety (14) , also the Faculty of Safety Engineering of the Technical University of Ostrava (8) disposing of a device for NP monitoring.
LEGISLATION AND PREVENTIVE MEASURES
The legislation related to NMs is expected to ensure the protection of individual health, public health and the environment from potential adverse effects of NP and NMs. It should therefore codify an appropriate framework for the individual nanosafety areas: monitoring, exposure control, exposure limits, protection measures etc. The current state of Slovakia and outside Slovakia is different. The research into the health effects of NP is lagging behind the rapid pace of development of nanotechnologies and the so far unregulated production and introduction of nanomaterials into practice within the EU. Even more lagging is the implementation of research results into relevant legislation. It is clearly presented in Figure 2 edited according to Savolainen et al. (29) . Due to low financial resources for research into the nanosafety and other possible causes the delay is gradually increasing.
The individual countries have various approaches to assessing the safety of nanotechnology. As regards the US legislation, the US government in Washington have not yet definitively commented on the issue "nanotechnology and human health", but announced plans to deal with this issue more deeply. The National Institute for Occupational Safety and Health (NIOSH), which is an organizational unit of the Centers for Disease Control and Prevention, has been intensively devoted to the nanosafety for more than a decade, as evidenced by the abundant publications (30) .
In the European Union, the discussion about regulation of NMs has started several years ago. In the last years, specific provisions for NMs were integrated in some sector specific regulations, e.g. food additives (31) , biocidal products (32), cosmetics (33) , and plastic materials and articles intended to come into contact with food (34) . However, the main chemical regulation No. 1907 No. /2006 concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) has remained unchanged so far. The major aim of REACH is to ensure a high level of protection of human health and the environment from the risks that arise from chemicals. REACH applies to all types of substances, regardless to their size, shape or properties. Even though NMs are not explicitly mentioned in REACH, its provisions in principle apply (35) . In the Second Regulatory Review on NMs the European Commission (EC) concluded, that REACH sets the best possible framework for the risk management of NMs, but more specific requirements for them are necessary. Furthermore, the risk assessment should be performed on a case-by-case basis, using adequate information. EC stated that shortcomings found in the implementation can be addressed via Annexes modification (36) . However, several member states and stakeholders are of the view that revision of the Annexes will not be sufficient to address NMs adequately by REACH (37, 38) . Whereas EC identified the process of Annexes adaptation as faster and lighter, this approach was finally supported by the majority of member states at least as the first step (38) . The entire process of modification of REACH Annexes, which includes an Impact Assessment of REACH Annexes for NMs, is much longer than originally anticipated. EC justifies delay by long and demanding internal discussion. The Commission estimates that draft legal proposal will be ready for adoption in the REACH Committee late 2016. After adoption, it will be subject to the three month examination by the Parliament and Council.
Several European countries are not satisfied with the state of EU legislation on NMs. Some have introduced or are preparing a national register of nanomaterials (e.g. France, Belgium, Denmark, Italy, Sweeden) or national legislation. In Slovakia, such measures are not likely to be under preparation, as Slovakia supports the efforts of the European Commission to implement nanomaterials in the European chemical legislation (according to unofficial information obtained from the Ministry of Economy and the Ministry of Health -the Office of Public Health of the Slovak Republic). However, this process is very lengthy and does not contribute to the preventive nature of REACH.
CONCLUSIONS AND RECOMMENDATIONS
In Slovakia, the issue of nanomaterials remains far from receiving all the attention it has received in several European countries.
Fig. 2. Delay of regulatory legislation measures compared to nanosafety research and available technological knowledge on manufactured nanomaterials. Edited according to Savolainen et al. (29).
Although Slovak experts are represented in expert groups at the European (EFSA, ECHA-NMWG, CASG Nano) as well as global level (OECD), there is a lack of mutual communication between them. It would be beneficial to improve intersectoral cooperation between the academic institutions and governmental authorities, notably in the support of research and the subsequent implementation of scientific evidence in the upcoming legislation.
Until effective EU legislation on acceptable risk, exposure limits and other regulatory measures will come into force, nanoparticles pose a potential threat to public health.
Implications for Practice
The implementation of international experience in Slovakia, i.e. knowledge of organizations and other structures that have been long working in the area of nanosafety, e.g. NIOSH (30) , the European Agency for Safety and Health at Work (EU-OSHA) (39) , or the Finnish Institute of Occupational Health (40) , apply the precautionary principle. Hence the importance of creating basic recommendations for employers and employees.
Applied research should be focused on the current issues of qualitative and quantitative assessment of the exposure to nanoparticles in the workplace, therefore risks can be estimated.
Based on the current findings, to modify the existing and create new measures to reduce risks, which includes an effective reduction of leakage of nanoparticles into the environment, the use of personal protective equipment, shortening exposure times if necessary, and appropriate education of employees should be provided. Employees should regularly undertake preventive medical examinations. Just as safe production and use of nanoparticles is necessary, also safe disposal of the products made of NMs is important (14) .
Information exchange among all relevant stakeholders to promote development of effective evidence-based legislative norms both on European and national level to protect occupational and environmental health is necessary.
